Grapevine is an important plant species known worldwide, counting more than 10,000 cultivars of Vitis vinifera spread all over the world. There is a strong need for long-term conservation of grapevine genetic resources. With so polymorphic species, it is highly difficult to obtain relevant results considering that cryopreservation protocols were established testing only few very often specific cultivars. Regarding cryopreservation protocols, many factors are influencing the final result. Research articles processing cryopreservation protocols of grapevine are reporting a percentage of recovery, but a broader application of some protocol on a large range of Vitis vinifera cultivars is limited. How to design an efficient cryopreservation protocol, starting from plant material to the appropriate observation of recovery, will be discussed in this chapter.
Introduction
Grapevine is an important plant species known worldwide. Grape is used to produce wines and it is its primary importance. There are many Vitis vinifera cultivars; recent research confirmed more than 10,000, but the global market for wine production is dominated by only a few cultivars [1] . Grapevine cultivars do not have equal importance regarding its quality nor potential for wine production. The cultivars are generally classified according to their final production: wine grapes, table grapes, and raisins [1] . Regarding wine cultivars territorially spread within one country, some of them are economically important, whereas some of them have just cultural importance presenting a national viticultural treasure aiming to preserve biodiversity of the viticultural country. Genetic structure in cultivated grapevines has been shaped mostly by human uses, in combination with a geographical effect [2] .
Wine countries are giving a great importance on preservation of grapevine collections and into the development of efficient protocols for long-term maintenance of grapevine biodiversity in vitro, as a safer and more cost-efficient alternative to field collections [3] . Recently in Croatia revitalization of some threatened cultivars is in progress [4, 5] . Mentioned activities are tough and demanding very often with high maintenance costs and the need for additional workers. Thus, a risk of natural hazards to which these collections are exposed is still present. Especially, important long-term storage of plant material can be for small wine countries, like Croatia, because the majority of autochthonous cultivars are economically important, but there are local varieties that present local heritage for some regions or subregions [6] . Particular variety can be highly important for some remote parts within already isolated island (e.g., cultivar Grk at Lumbarda on an island Korčula). One specific example of one cultivar is "Zlatarica from Blato," whereas amphelographic and economic characteristics observed a middle-quality grape variety, but its importance is in conservation of biodiversity of grapevine resources on island Korčula [7] . Also, the big problem can be a virus infection of some variety that has a small population because of the loss of intravarietal variability [8] .
Varieties that are intended for wine production need to be conserved in grapevine collections, and there should be a means for its constant evaluation and maintenance regarding their qualitative potential [6] . Wine country like Croatia has many important native grapevine cultivars (Babić, Debit, Grk, Kraljevina, Plavac mali, Plavina, Pošip) with significant wine production. These cultivars are also scientifically explored [9] [10] [11] . So, there is a general need in Croatia to make a selection of cultivars that will be maintained in grapevine collections all over Croatia and the rest of the majority of them to be cryopreserved and stored in liquid nitrogen.
The alarming loss of plant biodiversity both in nature and within agricultural systems, for grapevine resources as a polymorphic species, has led us to look for alternatives to in situ conservation. Cryopreservation as a method for long-term conservation exists more than 60 years, and there are experimental protocols already used with a range of crops and geno types, but a broader application of this method has not been achieved in many plant species [12] . Therefore, maybe cryopreservation as a method should be revealed as a useful tool for longterm maintenance of select germplasm [13] . There are examples of gene banks with more or about 100 accessions for potato, cassava, and pear, over the world in different research laboratories [14] , but researchers for many plant crops are facing this method, as a means for longterm conservation, as a hardly applicable technique. Often, the initial steps to define protocols and set up procedures for testing, screening, and ultimately storing the range of genotypes in each collection are beyond the scope of many plant laboratories [15] . A starting point that is also critical is choice of initial plant material for experiments. In the case of grapevine, this factor was decisive in many cryopreservation experiments [16] . Water status and cryoprotection are the most influential determinants of survival in combination with physiological factors, and that is why crop expert should choose plant tissue that they assume it should survive [13] . The published research mostly relates to Vitis vinifera, and the few studies applied to other species show that the protocols need to be improved [17] .
In designing cryopreservation experiments, researchers often overlook one major area like culture conditions. In clonally propagated plants, the condition of the plant or the culture can greatly affect the success of a cryopreservation protocol [18] .
Research articles dedicated to cryopreservation of grapevine revealed variations in response
according to the genotype [19] . The main objective of those articles is to present a cryopreservation protocol with exact result of recovery of some particular genotype of interest for some viticultural area or viticultural country. In so polymorphic crop, as grapevine, it is almost impossible to conclude this method as a technique working or not and whether it is just a matter of genotype.
Some variations in response can be due to the different research laboratories and conditions within. Still in a case of one laboratory that is dedicated to cryopreservation protocols, variations in results with same genotype were observed between years, researchers, and slightly modified culture conditions (data not shown). How to overcome these problems and set up an efficient cryopreservation protocol for the genotypes of interest will be processed in this research note article.
Establishment of an efficient cryopreservation protocol
Cryopreservation of grapevine first started in 1989 by Ezawa [20] , but more detailed cryopreservation protocol for grapevine was reported by Plessis in 1991 [21] . The authors reported survival >72%, but the recovery was not evaluated in the mentioned research [21] . Since then, many techniques of cryopreservation were used by different researchers. The preculture with sucrose was noted as deciding factor for recovery in many of them [21] [22] [23] [24] [25] [26] [27] . However, no article revealed how exactly recovery was achieved, and only one research article observed the physiological state of plant material [16] . It is known that the age of mother plants, the size of explants, and some other culture conditions are of paramount importance for in vitro growth of grapevine plants. Also, already in in vitro conditions, great variations between cultivars are reported [28] . Therefore, it is hard to conclude what exactly gave so various results between cultivars. In regeneration in vitro for some cultivars, high genotypic influence is revealed [29] [30] [31] .
These variations in response according to the genotype are reported in recent review articles of cryopreservation of grapevine [19, 32] . Even if it is noted that any vegetatively propagated species should be amenable to cryopreservation [33] , in the case of grapevine, there are examples where explants remain green after rewarming, but do not develop further [24] . The same situation has been revealed in our laboratory, whereas some important native cultivars survived cryopreservation protocol, and they remain green during the following 4 weeks, but unfortunately recovery was not achieved (data not shown).
The most suitable explant for cryopreservation is shoot tip of grapevine, and it is the most used explant in testing of recent cryopreservation protocols for grapevine [16, 17, [34] [35] [36] [37] . However, the right time and size of suitable shoot tip are also of a great importance for cryopreservation success as a condition that is adapted to each individual laboratory. Considering that shoot tips of grapevine have the lowest possibility of somaclonal variations, it can be a good choice in testing of protocols. Regarding the cryopreservation protocols recently established for grapevine, shoot tips were chosen as the most appropriate material for experiments. Experiments of cryopreservation protocols with shoot tips taken from field-grown plants are in a progress in our laboratory (data not shown). This prestep can avoid in vitro culture and simplify the cryopreservation protocol. Furthermore, some of the genotypes are very sensitive to culture conditions and often is difficult to resolve which factors are affecting a weak growth of in vitro plants or inability to regenerate. Unfortunately, to apply cryopreservation protocol, it is necessary to have numerous populations of in vitro material. The situation is more complicated if the success of a particular method requires some preliminary results, where a large amount of already rare plant material will be spent. This is the case of some cultivars from the isolated areas with a small amount of material. Four cultivars from place Kaštela near Split were introduced in tissue culture conditions (2011). Initial growth of plant material was satisfying, but in the period when we should already have adult plants for experiments, the plants start to yellow and browning and gradually decay. Urgent attempts of intervention with various media with higher concentration of growth regulators have been applied. More or less the same situation with same cultivars was repeated following 4 consecutive years with fewer deviations. The material was taken from a virus-infected plant. Also, international cultivars (Cabernet Franc, Cabernet Sauvignon, Grenache, Merlot) were taken from infected vines and introduced in tissue culture conditions in order to test the method of cryotherapy. Cultivars Cabernet Sauvignon and Grenache were very sensitive to culture conditions where initial culture already failed. Cabernet Franc and Merlot grew well, but regular multiplication was not successful enough to give the requested amount of plants to carry out the experiments [38] . This problem has been investigated on a cell level with "Gala" apple cryopreserved shoot tips [39] . They found cell membrane damage and alternation in mitochondria which caused a slower shoot proliferation in cryopreserved shoot tips. Even if our study does not include cryopreservation, this can be due to the virus infection that causes a weak growth in tissue culture conditions of infected cultivars tested. How to obey this problem for the cultivars of interest will be investigated in the following experiments in our laboratory.
Choosing the right method for testing a cryopreservation protocol is necessary to observe laboratory capacities and, in general, to define the final aim of the procedure. The current situation revealed a lot of tested protocols, significantly different, resulting without the broader application of this technique for grapevine. How and when will this important method in viticulture come to life depends on how it is presented in scientific and expert area. Testing of the cryopreservation protocol is a too demanding procedure if we want to only reach some good percentage of survival or to get fast results. The final aim should observe the cultivar of interest in a given condition for long-term conservation, and only then this type of experiments is reasonable. In the case of just testing, the protocol with representative data is an example of this method made on irrelevant cultivars or rootstocks that have reached high percentages of regeneration. This is a method of scientific approach that should not be performed with the aim of not giving the wrong picture of the method in general. Of course, some non-important cultivars and rootstocks should be tested because of their national importance and the need for long-term preservation that has been already mentioned above. From all experiments made in one laboratory, "model cultivar" should arise from all thoroughly tested steps from choosing the appropriate material for experiment, defining a duration of exposure to cryoprotectant solutions to the already selected most appropriate medium for regeneration. Once the protocol is set up for cryopreservation as the "standard" one, then it could be concluded how many laboratories and which one advanced in that area with cryopreservation protocols. That assume that all culture condition requirements are suitably adjusted undoubtedly not affecting the procedure of cryopreservation protocol. When exact protocol is adopted, it can be tested in several different laboratories on the same cultivar with a comparison of obtained results.
Knowledge of growth, development, and regeneration of grapevine in tissue culture conditions is a crucial factor in achieving success. From the beginning of tissue culture on grapevine, there are many protocols in use, but there is only limited use in viticulture.
It was reported that in vitro establishment was achieved with nodal segments taken outdoor from just mature canes of 2-month old [40] . Alizadeh [40] also reported that micropropagation will inevitably be necessary for mass propagation in different horticultural crops. Chee and Pool [41] first designed a large scale of micropropagation protocol where in 8 weeks one person can deliver 2000 vines of 6 cm high and with six to nine nodes. This presents a grown plant of grapevine in vitro. This definition should be a copy in defining recovery after cryopreservation of grapevine in vitro plants. The most similar results were obtained in our in vitro laboratory, when achieving in vitro grown plants, if the protocol of micropropagation is working, is needed at least 2 to 3 months. To record the recovery or regeneration after cryopreservation, grown plants should be achieved; otherwise, it is not clear enough does regeneration has been achieved. Considering that laboratories are describing recovery differently, any other regeneration of grapevine in vitro plants can be questionable.
Preculture of explants
In the case of cryopreservation protocols for grapevine, preculture means exposing explants, which are intended for cryopreservation protocol to solutions with sucrose or some other additives. The accumulation of endogenous cryoprotectants such as sugar and sugar alcohol may increase the stability of membranes under conditions of severe dehydration [13] . It is noted that the most frequent cryopreservation protocols applied on grapevine include preculture, no matter which method has been applied [19] . The main aim is to induce tolerance of in vitro stock cultures and explants to dehydration and subsequent freezing in LN.
Protocols initially developed for grapevine, including the method of encapsulation-dehydration, allude the treatment of explants with increasing the sucrose contents in a medium [21, 34, 36, 42] . However, in order to increase the level of regeneration, researchers explore different types of preculture. In recently developed protocols with the method of droplet vitrification [16] , preculture was a basal solid medium with 0.1 M sucrose concentration. In his first improvement of droplet vitrification method, Pathirana et al. [17] increase the level of regeneration with addition of 0.1 mM of salicylic acid in pretreatment. More detailed research revealed that preculture medium can be composed with more components: 0.3 M sucrose, salicylic acid, glutathione and ascorbic acid [43] .
In our laboratory, research made on the influence of preculture on survival after cryopreservation revealed that explants should be cultivated in a form of microcuttings on the medium with addition of growth regulators [36] . Although the procedure of preparation of microcuttings is homogenizing the material where all axillary buds take over the role of shoot tip, addition of benzyladenine (BAP) in a medium can improve regeneration [16] after cryopreservation that was reported. At any rate for grapevine, explants themselves in a size of 1 mm, the greatest size for survival, can not survive an extremely stressful process of freezing, without the previous preparation.
In our case, a preculture with 0.1 M sucrose in a medium for 24 hours, just before procedure of cryopreservation [36] , resulted as the greatest for grapevine shoot tip survival after cryopreservation and was applied in the following research [16, 37] . The importance of preculture arises from the fact that direct immersion in liquid nitrogen of one Vitis vinifera cultivar resulted without survival after cryopreservation [44] even if the report is quite old.
Some presteps or addition of some steps in the standard protocol of cryopreservation has been tested. Improvement of plant regeneration in cryopreserved kiwi fruits was revealed [45] . Cold acclimation of donor plantlets at 4°C for 2 weeks followed by sucrose preculture of shoot tips and supplementation of ascorbic acid (0.4 mM) in all media throughout the procedure registered 40% regeneration after cryopreservation. Cold-acclimated plantlets and ascorbic acid pretreated shoot tips exhibited severe plasmolysis and some disruption of membrane and vacuoles. This study revealed that only those cells that have been dehydrated and plasmolyzed can withstand cryopreservation without vitrification [45] . This type of experiment design is highly needed in cryopreservation of grapevine.
Role of genotypes
In a recent review article about cryopreservation of grapevine, it was noted that this method is highly genotype sensitive. Even the previously thoroughly tested protocols applied on different grapevine cultivars revealed significantly various results [25] , they observed regrowth rates from 30% in Teleki 5BB (V. berlandieri × V. riparia) to 86.7% in Merlot (V. vinifera). Whenever more than one genotype tested in the success of cryopreservation protocol on grapevine shoot tips, a strong genotype effect was reported [17, 23, 37, 46, 47] . In this overview it was noted that significantly more Vitis vinifera cultivars were tested in comparison with rootstocks and hybrids. Considering the general need for conservation of grapevine genetic resources [19, 32] , Vitis vinifera cultivars are rather a better choice. However, regarding the main aim of the method, each research laboratory is trying to find solution for the cultivars of interest where consequently so many cultivars were tested through this method.
Cryopreservation of grapevine shoot tips has been tested with different methods of cryopreservation. Firstly, Ezawa et al. [20] reported two-step cooling with three V. labrusca genotypes reaching 96.7% of survival, respectively. Esensee and Stushnoff [44] tested one Vitis vinifera cultivar without any survival by direct immersion in liquid nitrogen, as reported earlier. Neither two-step cooling nor direct immersion in liquid nitrogen was tested with grapevine shoot tips afterward. Combination of encapsulation-dehydration and two-step cooling was made on nine Vitis vinifera cultivars [22, 46, 47] , and even in different research laboratories, there was a quite stable rate of recovery reaching around 30%. With a method of encapsulation-dehydration, six Vitis vinifera cultivars were tested reaching 37-63% of recovery [23, 34, 36, 42, 48] . Encapsulation-vitrification as a method was tested with only one hybrid (V. berlandieri x V. riparia) with no specified number of survival [49] . The most used method for grapevine shoot tips was vitrification and more recently droplet vitrification. Regarding vitrification various results were obtained with different types of genotypes reaching from 30 to 86.7% of recovery [25, 27, 34, 48, [50] [51] [52] . Even if the method of droplet vitrification was designed to achieve some improvements, extremely low rate of 6% of recovery was reported [17] , and high percentage (76%) of recovery was noted [53] . From the mentioned results, it is difficult to conclude which cultivar or genotype is adaptable to cryopreservation protocol in order to test the protocol. Results clearly revealed that there is still no "standard protocol" for grapevine shoot tips effective in each research laboratory. Thus, a major problem arises from the fact that different cultivars are responding differently, and in many cases to achieve high percentage of recovery, a cultivar of interest should be previously tested. From our point of view, there should be one cultivar responding very well in tissue culture conditions that should be tested in each cryopreservation laboratory. The proposed solution is the only scientific way we could observe efficiency and repeatability of cryopreservation laboratories.
Conclusion
A general perspective for cryopreservation of grapevine is questionable considering the long period needed for adjustment of the protocol. Also, in adjustment of the protocol to the one cultivar, we are in a large risk to waste the time and money, if tested protocol does not work on the range of cultivars. In the review article [19] , it was observed that more than 25 reports were made on grapevine shoot tips; however, no wide range of application was made, even needed for grapevine genetic resources. With here listed and suggested guidelines, we could surely take the opportunity to make a common research and with joint forces come to the solution.
There is no existing a grapevine gene bank fo far, so we assume that all grapevine cryopreservation specialists have the same interest and that is the application of tested protocols to a greater number of cultivars. Consequently, some type of association testing grapevine cryopreservation protocols, at least with regard to material, variety, and tested protocols, should be united. The highly demanding protocol for grapevine that will give more or less the same results on one grapevine cultivar, chosen as a "model cultivar," through cryopreservation research laboratories around the world is surely the beginning that all trustworthy laboratories should aspire.
Hopefully, that part of our proposals will start to be implemented in the near future, and we will continue to work intensively on developing a single variety protocol and further testing of cultivars of interests that need long-term preservation.
